Abstract A x-ray detection system based on Silicon strip detectors and low noise multichannel readout system was developed in the framework of the collaboration project. The study of the feasibility of this detector system for medical applications was done. Our system has characteristics that match the requirements of a digital image system.
INTRODUCTION
X-ray mammography is up to now, the most reliable method to detect lesions in breast tissue. Screening programs have proved very effectively in reducing breast cancer mortality. The challenge of the scientific community involved in mammography is the early detection of lesion. To reach that goal it is very important to improve the test sensitivity either increasing the spatial resolution and contrast, or using real time digital radiography.
At present more than 100 research groups in the academia world and industry are developing systems to acquire radiology images in medicine in digital form either with a film digitizer or with a direct digital X-ray detection. Some of these groups, such as the Medipix collaboration [1] [2] [3] [4] , the SYRMEP collaboration based in Trieste [5] [6] [7] [8] [9] and at the University of Ljubliana, are using semiconductor detectors to obtain digital images.
Digital radiography clearly has the following advantages [10] [11] [12] compared to analog recording:
• the response of the detector is linear over a much wider dynamic range, • a better contrast resolution is achieved,
• digitization provides easy image storage, data transmission for consulting purpose and duplication of images without any loss of image quality, • the required dose can often be reduced.
• The results are available immediately and the possibility exits to perform offline image processing. However the requirements imposed on a digital mammography system, in particular on the detection part, are very demanding:,
• efficient absorption of the incident radiation, • spatial resolution of 10 cycles/mm (50 -100 jum),
• linear response over a wide range of incident radiation intensities, • low intrinsic noise, • acceptable imaging acquisition time,
• minimum threshold spreading among the readout channels. The purpose of the present work is to study the feasibility of an X-ray detection system to be used in digital medical imaging. The system was developed in the framework of the collaboration project between the University of Mining and Metallurgy in Krakow and the universities of Turin and Alessandria. CEADEN and CINVESTAV also participated in this project mainly on the devices and system characterization and are starting a new project to introduce the system in medical applications.
X-RAY DETECTION SYSTEM
The X-ray detection system comprises a silicon microstrip detector, a low noise multichannel readout chip and a PCI 1200 I/O board. The system was tested using LabView Virtual Instrument software. 
Detectors
The detector was designed by ITC-IRST, Trento, Italy and consists of 132, 1-cm long, AC coupled strips with 100 Jim pitch. The thickness of the detector is SOOjim. The strips have a width of 72 jam and a leakage current below 60 pA. The total capacitance above the depletion voltage was between 2-3 pF per strip.
Readout electronics
The multichannel readout chip was developed at the University of Mining and Metallurgy in Krakow, Poland [13] . The block diagram of the complete RX-64 chip is shown in Fig. 2 . The chip consists of fourth basic blocks: analogue front-end, counter block, control logic and I/O circuits including the readout control. In a single chip 64 channels have been integrated, which can simultaneously process signals and store data from 64 elements of a silicon strip detector. Each front-end channel comprises a charge-sensitive preamplifier, a pulse shaping circuit and a pulse amplitude discriminator. The outputs from the discriminators are stored in 20-bit pseudo-random counters. These counters are grouped in blocks of 8 channels each and the data from each block can be read out through tri-state outputs. This allows to connect several readout chips to a common external data bus and to read them out sequentially. The total area of the chip is 2800 x 6500 ^im 2 . In addition to the basic functions, which control the data storage and readout, the control block provides the settings of the DACs, which are used in the front-end block for biasing the analogue circuits and for control of the internal calibration circuit. To test the DACs we used the 8-bit analogue port included in the PCI 1200 I/O board.
The chip is controlled by commands delivered by an external controller (a PC) through a serial link. The control block receives the commands, decodes and executes them by sending the appropriate control signals and data to other blocks.
RESULTS
Our system was characterized following the same methods developed during the investigation of previous 32 channels readout chip [14, 15] . Figure 3 shows the X-ray spectra measured simultaneously with 64 strips of a detector connected to the RX64 1C at room temperature. The spectra prove the good matching of all the channels. From this plot we calculated the basic parameters such as gain, offset and noise for each channel. Typical distributions of these parameters are shown in fig 4. The system fulfills all basic requirements concerning gain, noise and discriminator offset spread. It has a mean gain equal to 78.08 |iV/el., and a mean value of 167 el. rms and 1.8 mV for respectively the equivalent noise charge and the offset at the output of the discriminator. The spread of the discriminator offset is equal to 2.2 mV, which is equivalent to an input charge of about 28 el rms. The detector and readout electronics are linear up to 10000 electrons of input signal, which corresponds to an energy range of X-rays up to 36 KeV. We obtained energy resolution values approaching 1 KeV FWHM at room temperature and a counting rate capability up to 100k count/s/strip. Our system is able to detect X-rays of 6.4 keV energy and higher. To obtain a two-dimensional image we used a scanning system, moving a 100 ^im slit across the detector. The image of a surface mounted device, MAX2640, taken in the University of Krakow with a scanning method is shown in Fig 5. X I 64 channels -pitch 100 um FIGURE 5. Image of a surface mounted device measured using silicon strip detector and scanning slit
CONCLUSIONS
We have developed a x-ray detection system, which has characteristics that match the requirements of a digital image system for mammography. These characteristics can be summarized as follows:
• counting rate up to 100k count/s/strip, • linearity up 10000 electrons or ~ 36 KeV,
• low intrinsic noise at room temperature, • very good matching of all channels. However major drawback of the detector, when used for digital mammography, is the low efficiency. To continue the study of the feasibility of this detector system for medical applications a number of future activities are planned. An agreement is made with Cuban partners to promote the introduction of our X-ray system in medical practice. Our future activities will concentrate mainly on the following topics: 1. Evaluating by Monte Carlo simulation of the overall system efficiency as function of specific design parameters, i.e. the effect of the wafer dimensions upon detection efficiency, the overall system geometry, among others.
